Abstract. The aim is to evaluate the pathological complete response and toxicity when using brachytherapy boost as part of the preoperative chemoradiation therapy in patients with rectal cancer. A retrospective review of all patients with rectal cancer treated at King Abdulaziz University Hospital. Fifty-five patients had neoadjuvat radiotherapy 45 Gy in 25 fractions of external beam radiation as Phase I of radiotherapy followed by external beam boost: 540 cGy/3 fractions in 31 patients or Ir192 HDR brachytherapy boost in 17 patients. The pathological response rate, toxicity profile, overall survival and disease free survival was compared between different radiation therapies modalities. The pathological response rate was complete in 14 (25.5%) patients, partial (PR) in 29 (52.7%) patients, unknown (did not do surgery) in 9 (16.5%) patients and stable disease in 3 (5.4%) patients. In brachytherapy boost, pathological complete response was 47% vs. 18% external beam boost (p = 0.004). Toxicity profile was better in the brachytherapy group. Overall survival was 93% and the disease free survival was 60% which were not influenced by the modality of radiation therapy used. High Dose Rate Brachytherapy boost result in a higher pathological response rate without increase in side effect as compared to the external beam radiation boost in the neoadjuvant radiation therapy for locally advanced rectal cancer.
Introduction
In the United States, approximately 41,420 patients are diagnosed with rectal cancer every year [1] . However, The Saudi National Cancer
Registry showed that colorectal cancer is the third most common type of cancer diagnosed in the year 2004 representing 7.8% of all new diagnosed cancers [2] .
Management of distal rectal cancer poses major challenges in terms of local tumor control and preservation of the anal sphincter. Abdominoperineal resection (APR) has long been considered to be the standard operation for lower rectal tumors with a distal edge less than 6 cm from the anal verge. However, despite providing excellent local control and survival, the APR entails a permanent colostomy as well as high incidence of sexual and urinary dysfunctions. For patients with larger or more invasive tumors, preoperative (neoadjuvant) radiation therapy and chemo radiotherapy have been utilized to promote tumor regression in an attempt to convert a planned APR to a sphincter-sparing surgical procedure [3] [4] [5] . The incidence of sphincter preservation in neoadjuvant chemoradiation therapy in rectal cancer ranges from 39% to 94% (average 67% [6] [7] [8] [9] [10] [11] [12] [13] [14] ). The aim of the current study is to assess the efficacy of High Dose Rate Brachytherapy (HDRB) boost as part of neoadjuvant radiation therapy concomitant with chemotherapy in terms of pathological response rate, disease free and overall survival.
Patients and Methods
The study had been conducted in Radiation Oncology Department at King Abdulaziz University Hospital in Jeddah, Saudi Arabia. This study is a retrospective review of patients with rectal cancer referred for neoadjuvant chemo radiation therapy before a definitive surgery had been evaluated. This study includes all patients with pathologically proven rectal carcinoma; locally advanced (T3, or T4) lesions, with no evidence of distant metastases as proved by CT scan chest abdomen, plus pelvis and bone scan before initiation of treatment. Patients must be able to sign an informed consent. Clinical tumor (T) and lymph node (N) stages were identified by pelvic MRI or trans-rectal ultrasound. Baseline hematological, renal and electrolyte profiles should be within normal range to start on chemotherapy.
All patients received neoadjuvant chemotherapy; comprised of 5-FU bolus (325 mg/m 2 daily) with leucovorin (20 mg/m 2 daily), both given for five days a week; 1 and 5 of radiation therapy.
CT planning for all patients was done in the treatment position (prone) for Phase I (whole pelvis) and Phase II (boost field to rectum); planning system (Eclipse) were used. Radiation therapy was given as whole pelvic irradiation (Phase I) 45 Gy / 25 fractions / 5 weeks given as daily treatments, for 5 days per week and two days rest; each radiation fraction dose was 180 cGy using linear accelerator with 3 fields; one direct posterior and two lateral fields. The energy used was 6 MV for the posterior field and 18 MV for the lateral fields. Patients were treated in prone position with full bladder as to reduce small bowel toxicity. After Phase I; patients received either the standard external beam radiation boost (540 cGy / 3 fractions / 3 days) using the same field arrangement and energy as for Phase I; with the reduced field size to include the rectum with limited margin. Otherwise, they received brachytherapy using iridium 192 HDR remote after loading source as rectal cylinder applicator, given as an outpatient procedure, once per week for 2 fractions (each is 400 cGy) for a total of 800 cGy prescribed at 0.5 cm; from the applicator surface taking care to block the uninvolved areas with lead blocks mounted in the applicator cylinder.
Acute reactions from the radiation therapy were recorded according to the Radiation Therapy Oncology Group (RTOG) toxicity criteria [15] . Patients were referred for definitive surgery 4 weeks after the completion of neoadjuvant chemo radiation therapy. Histopathological assessment of response to neoadjuvant radiation and chemotherapy was done according to complete clearance of tumor cells from resection specimen (complete response (CR)); the presence of residual tumor cells in resection specimen (partial response (PR)) or no change from the pre treatment state [16] .
Follow-up after surgery was done as a clinical evaluation (both general physical assessment and rectal examination) every 3 months for the first 2 years, then every 6 months for the 3 rd to 5 th year, then yearly. Proctosigmoidoscopy was done in yearly basis, however, if local symptoms happened (i.e., progressive constipation or bleeding) an immediate proctosigmoidoscopy would be done. Radiological evaluation (CT scan: chest, abdomen and pelvis; and bone scan) were requested if patient got symptomatic. Disease free survival (DFS) was assessed from the date of diagnosis till the date of relapse (either local or systemic or both) and overall survival (OS) was assessed from the date of diagnosis till the date of the last follow-up. Statistical analysis was done using SPSS software, and descriptive statistics were used for patients' criteria evaluation. Kaplan and Meier statistics were also used to assess DFS and OS. The prognostic significance of different variables in the study was assessed regarding its influence on DFS or OS using Cox Regression method. Table 1 . Thirty-one (56%) patients had boost with external beam; 17 (31%) patients had brachytherapy boost; 6 (11%) patients received external beam radiation as Phase I only (without boost), as their tolerance to radiation was poor; and only one (2%) patient had brachytherapy without external beam irradiation (an 80-years-old patient). The mean duration of treatment for all patients with radiation therapy was 5.9 weeks (± 0.86 weeks SD).
Results

Fifty
Assessment of radiation toxicity was done as per RTOG toxicity criteria [15] and shown in Table 2 . Nine (16.5%) patients had APR, 9 (16.5%) refused surgery; all of them from the group who received external beam boost; and the rest 37 (67%) patients had low anterior resection (LAR). Pathological response rate after surgical resection is shown in Table 3 . After a mean follow up of 22 months, the overall survival was 93% and the disease free survival was 60% ( Fig. 1 and 2 ). Comparing different variables with pathological response rate in the univariate analysis, it showed that the only a significant factor is a method of radiation boost; where 8 patients out of 17 who were treated with brachytherapy boost (47%) achieved pathological CR, as compared to only 4 patients out of 22 (18%) who were treated with external beam boost and had surgery (excluding 9 patients who had no surgery); 1 out of 6 patients (16.6%) who were treated without boost and 1 out of 1 treated with brachytherapy alone (100%), a significant rate of pathological CR in favor of the brachytherapy boost group (p = 0.004).
Comparing the pathological response rate with other clinical and pathological variables, it showed that there was no correlation between pathological CR and an overall duration of radiation therapy in weeks (p = 0.17); T stage (p = 0.79), N stage (p = 0.63). On multivariate analysis; the only variable that showed statistical significance with pathological response rate was the use of brachytherapy as boost to external beam radiation (p = 0.02). There were no correlation between OS (p = 0.4) and DFS (p = 0.5) and any of the prognostic variables in the study.
Correlation between different modalities of radiation therapy and toxicity profile showed: the use of brachytherapy boost modality had the least incidence of radiation cystitis (no Grade III cystitis) as compared to 3 patients out of 31 (9.6%) in the external beam boost; and the difference was statistically significant (p = 0.024). However, the other toxicities were not significantly different among radiation modalities.
Discussion
There is much debate regarding the relative merits and disadvantages of adjuvant versus neoadjuvant combined modality therapy in the treatment of patients with non metastatic rectal carcinoma. Three randomized trials have directly compared the two approaches [17] [18] [19] , and in all of them; the overall survival was not different in the two approaches. However, the rate of sphincter preservation and local disease control were higher among the neoadjuvant combined modality approach.
In Phase II, studies of neoadjuvant chemo radiation therapy in locally advanced rectal cancer, the rate of complete pathological response is higher, followed by the preoperative 5-FU-based chemo radiotherapy than the radiation therapy alone [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
The standard neoadjuvant chemo radiation therapy is based on 5 Fu-Leucovorin concomitant with pelvic irradiation aiming at 50.4 Gy /28 fractions / 5.5 weeks. Many other techniques were developed to compare this standard approach against different radiation therapy protocols. In a Polish randomized trial involving 316 patients with T3-4 rectal cancer [31] patients; they were randomized between the standard radiation therapy; concomitant 5Fu -Leucovorin arm; and a short course of high dose per fraction of radiation RT (55 Gy) followed by surgery. In an early report, the pathological response rate was significantly higher in the chemo radiotherapy group (16% vs. 1%), and there were fewer cases of radial margin positivity (4% vs. 13%). Thus, the rate of sphincter preservation in both groups was comparable (58% vs. 61%, respectively). Toxicity was much higher in the short course high dose per fraction arm. Local failure and survival rates were not reported.
In this study, it was found that patients who received brachytherapy as boost achieved higher rate of CR (47%) as compared to those who received external beam radiation as boost (18%), and the difference was statistically significant (p = 0.004). The toxicity profile was in favor of the brachytherapy group with significantly lower incidence of Grade III radiation cystitis (no patients out of 17) as compared to 3 of 31 (9.6%) patients in external beam boost group; whereas, the incidence of radiation dermatitis and proctitis was not statistically different among the different groups. After a mean follow-up of 22 months, the overall survival was 93%, and the disease free survival was 60%. Using Cox regression analysis method, it showed that the overall survival and disease free survival were not influenced by the modality of radiation therapy used.
There is no rich data about the use of brachytherapy as boost to the external beam radiation therapy in the neoadjuvant setting in rectal cancer in the literature; and the biggest trial about brachytherapy in rectal cancer had been done in Canada by Vuong et al. (2005) [32] ,where fortynine patients underwent staging with endoscopic endorectal ultrasound, and the tumor dimensions were determined with MRI of the pelvis. Patients with resectable rectal cancer (staged T2, T3, or early T4) were treated with preoperative high dose rate endorectal brachytherapy concomitant with the standard 5Fu-Leucovorin chemotherapy followed by surgery 6-8 weeks later. The treatment planning was done with the use of a CT simulator; and the treatment was delivered using a flexible endorectal applicator with eight catheters arranged around the circumference of the applicator; and a high dose rate brachytherapy remote after loading system with an Iridium-192 source. Digitally reconstructed radiographs were used as references for daily treatment. A tumor dose of 26 Gy in four fractions was prescribed. Forty-nine patients received planned treatment, and all but 2 patients underwent planned surgery. The pathology specimens showed a complete macroscopic response in 64% of the patients and tumor down-stage in 67% of the patients. This study showed the impact of preoperative brachytherapy on gross tumor control, but not on microscopic remission as in the current study.
In conclusion, the use of brachytherapy boost as part of the neoadjuvant treatment of locally advanced rectal cancer is an attractive modality to be implemented for these patients; for higher pathological complete response rate; acceptable toxicity profile as compared to the external beam boost. These encouraging results need a larger number of patients and thorough research as to have more solid data about the benefit of brachytherapy as boost on the rate of pathological complete response and may perhaps be in OS or DFS.
